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ABSTRACT
INTRODUCTION: During last decades glass ionomer (GICs) have shown an improvement in handling, 
less polymerization time, increasing the durability and better wear resistance. Resin composites cements 
are low viscosity composite materials. They are recommended for cementing ceramic and indirect compos-
ite restorations. The zirconia ceramics are not capable of etching for the purposes of cementation with com-
posite fixing agents.
AIM: The aim of this article is to make a comparison assessment of the two types fixing agents used for the 
cementation of indirect aesthetic restorations using zirconium dioxide made via CAD/CAM technology and 
indirect composite.
MATERIALS AND METHODS: An experimental study of inlays – 60 made of indirect composite by a 
technician using the direct-indirect method and 60 made of zirconia ceramics by CAD/CAM technology, 
was conducted. The inlays were cemented with two types of cementing agents – GIC (Tokuyama Ionotite F) 
and dual-polymerizing cement (Tokuyama Estecem kit). The unit of observation was the thickness of the ce-
menting agent.
RESULT: There was statistical significant difference (p<0.05) comparing groups, where the thickness of the 
fixing agent in the zirconia inlays is significantly smaller to the one in composite inlays. This applies to the 
dual-polymerizing cement (Tokuyama Estecem kit) as well as to GIC (Tokuyama Ionotite F). We could not 
find any statistically significant difference regarding fixing agent thickness neither in the group of indirect 
composite inlays nor in the zirconia ones (p>0.05). 
CONCLUSION: Both types of cements show satisfying results regarding the thickness of the fixing agent 
in the four examined groups.
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INTRODUCTION
Glass ionomer cements (GICs) have been used 
as restoration material, bases and cementing agent in 
the dental medicine since the 1970s (1). Their con-
tent is based on polyacrylic acid (2,3).  Initially GICs 
were hard to handle with low durability and brittle as 
a restorative material. The change of the convention-
al GICs with resin modified GICs greatly improved 
their mechanical properties. These products show 
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improvement in handling, less polymerization time, 
increasing the durability and providing better wear 
resistance. 
The resin composites cements are low viscosi-
ty composite materials, containing filler and mono-
mer, adapted to create a thin bonding film and prop-
er manipulation time and setting. They have wide 
spectrum of usage, from inlays to fixed bridges, fiber 
posts and orthodontic apparatuses. They are recom-
mended for cementing ceramic and indirect compos-
ite restorations, but also can be used for cast restora-
tions especially in cases when an additional fixation 
is needed (4,5,6,7). The clinical efficiency of indirect 
composite restorations depends on the thickness and 
the bond of the cement to the hard tooth tissues as 
well as the inlay (7,8).  Zirconia ceramics are not ca-
pable of etching for the purposes of cementation with 
composite fixing agents (9). Zirconia ceramic inlays 
cemented with self-curing cements show better frac-
ture resistance compared to those cemented with du-
al-polymerizing cements (10). The polymerizing de-
ficiency of the self-polymerizing component of the 
dual cements may cause insufficient polymerization 
of the cement in areas inaccessible to light (4).
AIM
The aim of the article is to make a comparison 
assessment of the two types fixing agents used for the 
cementation of indirect aesthetic restorations from 
zirconium dioxide made via CAD/CAM technology 
and indirect composite.
MATERIALS AND METHODS
The object of the experimental study are 120 
cuts of extracted wisdom teeth with 120 inlays – 60 
made of indirect composite by a technician using the 
direct-indirect method and 60 made of zirconia ce-
ramics by CAD/CAM technology. The inlays are ce-
mented to standard cavities using two types of ce-
menting agents – GIC (Tokuyama Ionotite F) and 
dual-polymerizing cement (Tokuyama Estecem kit). 
The unit of observation is the thickness of the ce-
menting agent. The prepared samples are examined 
under optic microscope Olympus SZ51 fixed to C-sil-
icone plate. For the analysis of the experimental data 
parametric and non-parametric statistical methods 
are used. The study was conducted in the University 
Medical Dental Center, Faculty of Dental Medicine 
at the Medical University- Varna.
RESULTS
The inlays are divided into four groups – 30 in 
each group, as the first group includes composite in-
lays cemented with GIC (1), the second group – com-
posite inlays cemented with dual-polymerizing ce-
ment (2), respectively third group – zirconia inlays 
cemented with GIC (3) and fourth (4) – zirconia in-
lays cemented with dual-polymerizing cement. Re-
garding the thickness of the fixing agent we have es-
tablished that it is highest in the composite inlays ce-
mented with GIC (Group 1) – 0.158mm±0.0262, fol-
lowed by Group 2 – 0.144mm±0.0229. The small-
est is the thickness of the cement used for the fixing 
of the zirconiazirconia inlays cemented with GIC – 
0.08mm±0.0206, and the one in Group 4 is insignifi-
cantly thicker- 0.0823 mm±0.0237 (Fig. 1).
Presented and statistically analyzed, the values 
of the thickness of the fixing agent show that there 
is no statistically significant difference between the 
two groups of composite inlays (p>0.05). For Group 1 
the lowest value for the cement thickness is 0.12 mm, 
and the highest one is 0.22 mm. For Group 2 these 
values are respectively – 0.10 mm and 0.19 mm. The 
values for these two groups are with minimal differ-
ence (0.02 – 0.03 mm). The composite inlays may lose 
their aesthetic properties as a result of GIC cementa-
tion. The adhesive bond with the hard tooth tissues is 
very important for their retention therefore it is rec-
ommended that the fixation be done with dual-po-
lymerizing cements. There is no statistically signif-
Fig. 1. Average value of the thickness of the cement and re-
ported standard deviation for all four examined groups
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icant difference between the groups of inlays made 
from zirconia ceramics. In Group 3 the lowest val-
ue of the cement thickness is 0.05 mm, and the high-
est one – 0.13 mm. For Group 4 the values are 0.05 
mm and 0.14 mm, respectively. As the zirconia has 
only mechanical bond to the hard tooth tissues and is 
not aesthetically dependent on the fixing agent (has 
opacity), for the cementation of these inlays GIC is an 
option of choice. There is statistically significant dif-
ference (p<0.05) comparing all other groups, where 
the thickness of the fixing agent in the zirconia in-
lays is significantly smaller than the one in compos-
ite inlays. This applies to the dual-polymerizing ce-
ment (Tokuyama Estecem kit) as well as the GIC 
(Tokuyama Ionotite F). During the manufacturing 
process of zirconia inlays a gap of 0.06 mm is set in 
the system software. In regard to this indicator the 
zirconia inlays show exclusive precision. The better 
precision of zirconia inlays fixed with both agents is 
also proved by the smaller thickness of the cement-
ing agent compared to the one in composite inlays 
(p<0.05) (Table 1).
DISCUSSION
The placement of the cement gap is made be-
tween the tooth and the restoration and it has sig-
nificant importance for the precision of the aesthet-
ic construction (11) With a cement gap of 50 µm, the 
marginal microleakage is scientifically proven to be 
lower compared to the one at 100 µm (12,13).  Two 
studies which used Cerec 3D show values of the gap 
for the cementing agent between 135±35 µm and 
545.81±195.8 µm (14,15). 
Multiple articles report about crowns made 
of different materials with absolute marginal in-
terval, which varies from 10 (16)  to 110.31±7.22 µm 
(13), more often with results of less than 80 µm (11). 
The internal gap for the cementing agent is between 
23.5±7.7 µm (17) and 154.1±10.4 µm (18). 
Study from 2014 compares the microleakage at 
CAD/CAM made inlays and those made by a a tech-
nician. The thickness of the fixing agent is bigger 
in the inlays made by the technician (84.7±19 µm), 
compared to those made by CAD/CAM technology 
(63.4±16 µm). No statistically significant difference 
in microleakage is reported in both groups (p>0.05). 
The microleakage does not correlate with the thick-
ness of the fixing agent, neither in the enamel area, 
nor in the dentin area. CAD/CAM inlays have a 
thinner layer of cement, but this has no significance 
for the microleakage (19).
There are many studies about the properties of 
GICs, their biocompatibility and cytotoxicity. The 
use of resin-modified GICs as a fixing agent is getting 
more popular in the dental practice due to their high 
mechanical resistance compared with the conven-
tional GICs. They also have fluoride-releasing poten-
tial. The clinical importance of the GICs is question-
able, because the real time for fluoride release is short 
(20) and the strength of the cohesive bond compared 
to the one in composite cements is weaker (21). Clin-
ically, the choice of fixing agent depends on the ma-
terial which the inlay is made of. Inlays made of sin-
tered ceramics (zirconia and aluminium), which are 
not capable of etching with HF acid, can be cement-
ed with conventional cements, phosphate cement as 
well as GIC (22).
Indirect composite in-
lays cemented with GIC
(1)




mented with GIC 
(3)




Mean Mean Mean Mean
0.158333 mm 0.144333 mm 0.08 mm 0.082333 mm
SD SD SD SD
0.026272mm 0.022997 mm 0.020678 mm 0.023735 mm
t1,2 =0.489; P=0.3126   t1,3=3.8331; P=0.000102   t1,4= 3.1533;P=0.001024   t2,3=2.89772;P=0.002241  
t2,4=2.76233;P=0.003329  t3,4= -0.14588; P=0.4421
Table 1. Thickness of the cementing agent
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In a study from 2014, Boitelle et al. examine the 
microgap in restorations made by CAD/CAM. They 
report that the microgap between the tooth sur-
face and the construction is less than 80 µm, which 
proves the improvement of the adaptation of CAD/
CAM made restorations compared to the conven-
tional techniques (11). When a cementing method 
is being chosen dental practitioners have many op-
tions for covering the resin-modified GIC, self-adhe-
sive cements or cements with specific adhesive pro-
tocol. The attentive dentist conforms the preparation 
of the hard tooth tissues and the restoration to the re-
tentive properties as well as the thickness of the ma-
terial. For less retentive preparations (for inlays, on-
lays etc.) it is recommended for cements with specific 
adhesive protocol to be used. In such cases the thick-
ness of the material determines whether dual cement 
will be used or a light cured one. The standard prep-
arations for zirconia constructions can be cemented 
with adhesive dual cement or GIC (23,24).
CONCLUSION
The restoration with CAD/CAM made inlays 
has greatly improved during the last decade. The im-
provement of the digital impression, software design 
and the milling technique, as well as the material im-
provement have led to excellent results. Now every 
type of ceramic material is capable to restore, fulfill-
ing the requirements of aesthetic dentistry. 
Both types of cements (Tokuyama Ionotite F 
and Estecem Kit) show satisfying results regard-
ing the thickness of the fixing agent in the four ex-
amined groups. This is important for the adapta-
tion of the restoration, the retention and microle-
akage.  Dual-polymerizing cement is recommended 
for high aesthetic constructions – full ceramic inlays 
and crowns as well as composite ones due the fact 
that they keep the aesthetic level and provide a great 
bond with the hard tooth tissues. It relies on the spe-
cial bonding protocol before the cementation. GIC is 
recommended for zirconia crowns and inlays, large 
bridges and metal-ceramic constructions. It provides 
a great bond with hard tooth tissues and has a fluo-
ride-releasing potential, which is important especial-
ly for vital teeth. It is not recommended as a fixing 
agent for full ceramic as well as composite construc-
tions, because it deteriorates the aesthetic look. 
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